Abstract
INTRODUCTION
Reducing motor vehicle accidents is a key concern for health policy makers. Motor vehicle accidents cause more than 40,000 deaths and several million injuries each year, and are also the leading cause of death among children in the United States (Center for Disease Control and Prevention, 2011) . While a large body of literature examines the impact of regulations and technological innovations, such as seat belts, airbags, and child safety seats (Braver et al., 1997; Carpenter & Stehr, 2008; Levitt, 2008) , there has been considerably less work on the effect of traffic law enforcement. In particular, whether traffic tickets-the primary traffic law enforcement tool-are effective in decreasing road accidents remains an open question. Addressing the question is complicated by the issue of reverse causality-more police officers tend to be stationed at areas and during periods with higher rates of traffic accidents, in which case ordinary least squares (OLS) estimate of the effect of traffic tickets on accidents may be upward biased.
Further, while the ostensible goal of traffic tickets is to improve road safety, recent literature demonstrates that traffic tickets are often used as a tool to generate revenue for local municipality budgets (Garrett & Wagner, 2009; Makowsky & Stratmann, 2009 ).
1 There is also compelling evidence that police officers are influenced by personal preferences when giving out tickets (Anbarci & Lee, 2008; Antonovics & Knight, 2009 ).
2 It is thus unclear whether tickets would fulfill their intended purpose of increasing road safety.
The limited existing literature on the impact of traffic law enforcement on motor vehicle accidents has provided mixed results. Carr, Schnelle, and Kirchner (1980) use the Nashville traffic police strike in 1978 as a natural experiment and report no significant deterioration in road safety during the strike. Conversely, Beenstock, Gafni, and Goldin (2001) use panel data on road sections in Israel and find some evidence that large-scale enforcement reduces road accidents, but that small-scale enforcement has no effect. More recently, DeAngelo and Hansen (2014) demonstrate that the mass layoff of the Oregon State Police due to budget cuts was associated with a marked increase in injuries and fatalities. Makowsky and Stratmann (2011) use the financial health of a town as an instrument for the number of tickets issued to demonstrate that more tickets lead to fewer accidents. However, most of the existing studies use the number of police officers as the measure of traffic law enforcement, which may not be accurate because police have other duties besides patrolling traffic. Monthly data could also obscure the sensitivity of the behavior of drivers to traffic tickets. This paper exploits exogenous variation in the number of tickets issued to identify the causal impact of traffic tickets on motor vehicle accidents using daily municipality-level data from Massachusetts. In the fall of 2002, Massachusetts participated for the first time in the Click-it-or-Ticket (CIOT) program, a federal program that was initiated and funded by the National Highway Traffic Safety Administration (NHTSA). The program is carried out throughout the federal year through six "mobilizations" of one to two week periods, during which designated police officers specifically and aggressively focus on traffic law enforcement. Although the program focuses on seat belt use, Massachusetts had a secondary seat belt law until 2007, which meant that while drivers and passengers were required to wear seat belts, police could not pull them over solely for failing to wear a seat belt. The motorist would have to be committing another traffic offense, such as speeding, in order for the police to have sufficient grounds for pulling a motorist over. Thus, I argue that the main impact of the CIOT campaign is to increase the degree of traffic law enforcement overall, and serves as a natural experiment to examine the impact of tickets on motor vehicle accidents.
There were two state-wide mobilizations that took place in Massachusetts during November and December of 2002. The November mobilization was held during the two weeks surrounding Thanksgiving and the December mobilization was carried out the week before Christmas. However, these periods were presumably chosen because there are higher traffic volumes (and therefore potentially higher rates of accidents) around holiday periods. To address the concern of endogeneity, I control for the periods that would presumably have been chosen for mobilizations had the campaign taken place in 2001. After controlling for these periods in 2001, calendar and municipality fixed effects, as well as a host of other municipalityspecific time-varying variables, the increase in tickets during the actual mobilization periods in 2002 is then arguably exogenous to accidents. Results from reduced form regressions and using the mobilizations as an instrument for tickets both suggest that there is a negative and significant relationship between tickets and accidents. The estimated accident elasticity with respect to tickets is approximately −0.28-a 1 percent increase in tickets issued leads to a 0.28 percent decline in motor vehicle accidents. The estimated elasticity of nonfatal injuries with respect to tickets is smaller at −0.17. I demonstrate the reduction in accidents is higher in municipalities that issued more tickets during the mobilizations, which is consistent with the idea that tickets per se are reducing accidents rather than other concurrent factors. The main results are robust to a number of different specification checks. Finally, I show that tickets are more effective in more densely populated areas, and provide suggestive evidence that tickets have a larger impact at night, as well as a larger effect on female drivers. However, tickets do not appear to differentially affect age groups. These results on the heterogeneous effects of tickets may help inform policy makers how to allocate enforcement in order to achieve the highest impact.
BACKGROUND AND DATA

The CIOT Program
The CIOT program was first conceived in North Carolina in 1993, and by 2001 the program had spread to a number of other states in the region. The program is still in existence today. The initial program combined 3,000 enforcement checkpoints and paid advertising to build public awareness about seat belt use. In 2002, 18 states participated in a national CIOT campaign pilot program, including Massachusetts (Tison et al., 2006) .
In Massachusetts, the CIOT campaign is organized as follows. Local police agencies are given grants according to their population size, and police officers apply for overtime to work during the campaign mobilizations. During the mobilizations, police officers focus exclusively on traffic law enforcement and do not have to respond to any other calls. Further, they are expected to give out a certain number of tickets per shift, although they are not penalized if they do not attain the number. Since the campaign focuses on safety belt use, officers target drivers who were not using seat belts. As mentioned, however, Massachusetts had a secondary seat belt law until 2007, which meant that drivers and passengers were required to wear seat belts, but police could not pull them over solely for failing to wear a seat belt. Therefore, it was not just tickets issued for seat belt violations that rose in number during the mobilization periods, but tickets of all types of offenses (as described in more detail in the next section). In addition to increased traffic law enforcement, Massachusetts engaged in a state-wide media campaign to publicize the CIOT program via radio and television advertisements. The CIOT program, combined with the fact that Massachusetts still had a secondary seat belt law in 2002, provides a unique setting to examine the impact of traffic citations on motor vehicle accidents.
Data Sources and Description
The data used in this paper are drawn from two main sources. The tickets data include all traffic tickets issued in the state from April 1, 2001, through January 31, 2003, covering all 350 municipalities. The database has detailed information on the offense type, ticket amount, location and time, demographic data about the driver, as well as the model and make of the car. The particular beginning and end dates of the sample period are exogenous to this study-the tickets data set was kindly shared by Bill Dedman and Francie Latour, who first collected the extensive data from the Massachusetts Registry of Motor Vehicles for a series of Boston Globe articles examining ticketing behavior and racial profiling in Massachusetts. The authors were not aware of the CIOT program.
The motor vehicle accident data are from the Massachusetts Highway Safety Division and includes all accidents that were reported to the Registry of Motor Vehicles for the same period. Each accident includes information on date, time, location, number of vehicles involved, and severity. I also obtain additional demographic data from the Highway Safety Division on the age and gender of the drivers involved in each accident. The demographic data are available only from 2002 onwards. I then link the tickets and accidents data sets by municipality and date to create a panel data set describing the number of tickets issued and accidents for each day in the sample period, for each municipality. The unit of observation is thus at the date/municipality level. In addition to the tickets and accidents data, I collect daily weather information and gas data, which could potentially affect both traffic volume and accidents. The weather data includes daily precipitation, snowfall, snow depth on the ground, and mean temperatures for each municipality based on the closest weather station. There are altogether 57 weather stations that collected daily weather data for the relevant data period, and I link each municipality to its closest weather station. Gas data consist of retail prices for regular unleaded gas for each municipality for each day in the sample period.
Finally, I include year-varying municipality level data that are intended to capture characteristics that could be correlated with both traffic volume and accidents, such as the municipality unemployment rate, population, number of registered motor vehicles per capita, luxury cars per capita, trucks per capita, motorcycles per capita, and average car age. Table 1 reports the overall summary statistics. On average, there are 4.8 tickets issued and 0.9 motor vehicle accidents per 100 miles of public road length. There are 0.381 nonfatal injuries per 100 road miles. The measures of tickets and accidents are adjusted per length of public road in each municipality to account for the different sizes (and also populations) of municipalities. Figure 1 depicts the number of tickets and accidents by week for the sample period. As it can be seen, there are two large and distinct spikes in tickets for the highlighted areas in 2002 relative to the same periods in 2001, and relative to all other periods. The spikes represent the CIOT mobilizations. Table 2 presents the summary statistics of the main dependent variables by different groups-time of day, gender, and age group. Unsurprisingly, there are more tickets and accidents in the day because of higher traffic volumes. Males are involved in more accidents than females, which could reflect both that there are fewer female drivers and gender differences in driving behavior. There are also more tickets and accidents among the 25 to 64 years age group, which could again be because there are more drivers among that age group on the road.
Summary Statistics
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IDENTIFICATION STRATEGY
The identification strategy of this paper uses the sharp increase of tickets during the CIOT mobilizations to examine the impact on accidents. It rests on the assumption that the increase in tickets is exogenous, an assumption that I argue in this section is reasonable after controlling for other factors. The first CIOT mobilization occurred from November 18, 2002 until December 1, 2002, and Thanksgiving Day was on November 28. The concern is that these periods were chosen because there are high traffic volumes surrounding these holidays, in which case any changes in tickets or accidents could simply be an artifact of increased traffic volume. The identification strategy would also be violated if there were uncontrolled factors that were systematically correlated with the mobilization periods. For example, the mobilizations in 2002 could be systematically correlated with inclement weather or shocks to gas prices, which could affect traffic volume and in turn both the number of tickets and crashes. I therefore control for weather conditions and retail unleaded gas prices as well. There were no major changes in the auto insurance industry during the sample period, which could have posed a challenge to identification if the changes systematically altered driver behavior and were correlated with the timing of CIOT.
Next, using the CIOT mobilizations to capture the overall impact of tickets may not be appropriate if enforcement focused only on seat belt use, in which case the impact on injuries could be due to increased seat belt use rather than enforcement. Since Massachusetts did not have a primary seat belt law until 2007, law enforcement officers may issue a ticket for not wearing a seat belt only when there is another citable traffic infraction. Hence, a single ticket may include several different violations, such as for both speeding and failing to wear a seat belt. Figure 2 
depicts the
Note: The number next to each bar represents the daily average number of tickets of that cateogry that were issued during the specified period. 10 most common "types" of tickets during the three key periods: control, comparison periods in 2001, and the CIOT mobilizations. The horizontal axis depicts the percent of all issued tickets during the relevant period, and the number next to each shaded bar represents the daily average frequency of that particular ticket type. As an example, tickets that consisted of speeding and seat belt infractions made up approximately 14 percent of all tickets given out during the control period, and there were on average 94.4 tickets of this type issued daily during this time. During CIOT, the frequency ranking of ticket types was mostly preserved, with tickets involving speeding and seat belt infractions remaining the most common. However, the volume of each ticket type increased substantially during the CIOT mobilizations-the number of tickets issued that consisted of speeding and seat belt infractions more than double. At the same time, the percent of all tickets issued that were made up of speeding and seat belt violations also almost double during CIOT. I investigate whether this shift in the composition of tickets issued has an independent effect on accidents and injuries in the next section.
Finally, both the comparison periods and CIOT mobilizations occurred around holiday weekends, which could challenge the external validity of the results if holiday periods are systematically different from nonholiday periods in terms of traffic patterns and composition of drivers. To address this concern, I first examine the proportion of tickets given to out-of-state drivers in the data. 4 The difference between the percent of tickets issued to out-of-state drivers over holiday weekends (8.90 percent) versus other periods (8.92 percent) is very close to zero and statistically insignificant, suggesting that the composition of drivers remains stable. Further, the composition of tickets between nonholiday periods and holiday weekends is similar, which helps confirm that the composition of drivers and driving patterns are comparable between holiday and nonholiday periods (not shown). Regardless, holiday periods per se may be of particular policy concern. Long holiday weekends tend to have high numbers of accidents and fatalities (NHTSA, 2014) , so it may be especially important to understand whether tickets can be an effective policy tool to increase road safety during these periods.
RESULTS
OLS Results
According to the basic model in Becker's seminal paper (1968) on crime and punishment, an individual makes the decision of whether to commit a crime or not by weighing the expected costs against the expected benefits. In the context of this paper, the degree of traffic law enforcement increases markedly during the CIOT mobilizations, which can be translated into a higher probability of getting caught and thus a higher expected cost of committing a traffic violation. We should therefore expect to see fewer traffic violations and potentially fewer accidents, that is, we would expect β 1 to carry a negative sign if we model the relationship between accidents and tickets as such: Regressions include dummies for month-by-year, day of week, holiday weekends, and Treatment Periods. Controls include daily municipality-specific measures of average snowfall, snow depth, rainfall, temperature, retail gas prices (plus squared terms), annual municipality-specific measures of population, unemployment rate, number of registered automobiles, trucks, motorcycles, and trailers per 100 miles. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent.
where α i and δ t are municipality and calendar fixed effects, which include dayof-week, month-by-year, and public holidays (and the contiguous weekend if the holiday falls on a Friday or Monday) fixed effects. X it represents a vector of controls that may influence both traffic volume and accidents, which include the amount of snowfall, snow depth on ground, rainfall, temperature, retail gas prices, population, unemployment rate, registered cars per 100 miles, trucks per 100 miles, trailers per 100 miles, and motorcycles per 100 miles. The weather condition and gas price variables vary at the day-municipality level; the rest vary at the calendar year-municipality or fiscal year-municipality level. However, OLS estimates of equation (1) would lead to biased estimates if there were a correlation between ε it and Tickets it . This is probable because police officers tend to focus on areas where and periods when accidents are prone to happen. If so, estimates of β 1 will be upward biased. Table 3 reports the OLS estimates from regressing accidents and injuries on tickets directly, both with and without timevarying municipal controls. The coefficients on tickets are close to zero and in fact slightly positive, suggesting that the estimates are indeed upward biased.
First-Stage Results
The identification strategy proposed in this paper is to use the CIOT periods as a single instrument for tickets. To be a valid instrument, the CIOT periods should be able to demonstrate strong explanatory power of tickets (Bound et al., 1995) . The first-stage regression representing the relationship between tickets issued in municipality i on date t and the CIOT mobilizations is modeled as follows:
where α i and δ t are again municipality and calendar fixed effects. Treatment Periods t is a dummy representing the treatment weeks as defined in the previous section. C I OT t indicates when the CIOT mobilizations took place in 2002, and is also equivalent to Treatment Periods t × Year2002. X it is the same vector of controls as before. β 3 thus captures the rise in tickets during the CIOT mobilizations in 2002.
Column 1 of Table 4 shows that the CIOT mobilizations increased on average the number of tickets issued per 100 miles by 1.9 per day/municipality, without any municipality-specific covariates. The estimate increases slightly to 1.94 when controlling for weather conditions and gas prices, as well as other municipal controls. Given the mean of 4.8, the change represents approximately a 40 percent increase Controls include daily municipality-specific measures of average snowfall, snow depth, rainfall, temperature, retail gas prices (plus squared terms), annual municipality-specific measures of population, unemployment rate, number of registered automobiles, trucks, motorcycles, and trailers per 100 miles.
a
The dependent variable is the number of injuries divided by total motor vehicle accidents.
b
The dependent variable is the number of injuries and the regression controls for the total number of motor vehicle accidents. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent.
in tickets. The F-statistic is approximately 100. The first-stage relationship between the CIOT periods and tickets is clearly strong. Table 4 (columns 3 to 8) reports the results from estimating the reduced-form relationship between the CIOT mobilization program and the number of accidents/injuries:
Reduced Form Evidence
Using accidents as the dependent variable (columns 3 and 4), the results suggest that the reduced form impact of the CIOT campaign on motor vehicle accidents ranges from −0.94 to −0.99, which would translate to an 11 percent reduction. It appears that the number of accidents fell significantly during the mobilization periods, relative to both the comparable periods in 2001 and the control periods. Injuries went down during the CIOT periods as well, but the estimated reduction is not statistically different from zero at conventional levels (columns 5 and 6). From Figure 2 , one can see that the fraction of total tickets that were made up of speeding and seat belt violations almost doubled during CIOT. The shift in the composition of tickets may have had an independent effect on the composition of accidents. Since seat belt violations were always given in tandem with at least another violation due to the secondary seat belt law in MA and there are no detailed data on seat belt use, it is not possible to disentangle the effect of seat belt versus other types of violations. However, if the impact of CIOT was mainly on seat belt use, then we should expect to see a decrease in injuries relative to the total number of accidents. I test this hypothesis in columns 7 and 8. In column 7, the dependent variable is the number of injuries divided by total number of accidents. 5 In column 8, the dependent variable remains the number of injuries, but the number of accidents enters the regression as an additional control. The composition of accidents is not significantly affected in either specification. This also supports the notion that although the intended goal of CIOT is to increase seat belt use, the actual effect was to increase traffic law enforcement overall.
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Instrumental Variable Results
The main results of the paper, which are the estimates from the instrumental variable (IV) regressions, are reported in Table 4 , panel B. As I argue in the identification strategy section, the increase in tickets due to the CIOT mobilizations can be viewed as exogenous after controlling for other factors. There is also a strong first-stage relationship between tickets and the CIOT mobilizations (Table 4 , columns 1 and 2). The IV model hence uses the CIOT mobilizations as a single instrument for tickets, controlling for the same covariates in equation (1) as well as Treatment Periods to adjust for any confounding differences in traffic conditions due to holiday periods. The coefficients on tickets in columns 3 and 4 imply that a unit increase in tickets decreases accidents by approximately 0.05, and the estimates are statistically significant at the 1 percent level. Since there are on average 4.8 tickets issued and 0.88 accidents in a municipality, this implies the elasticity of accidents with respect to tickets is approximately −0.28-a 1 percent increase in tickets leads to a 0.28 percent decrease in motor vehicle accidents.
7 Next, I examine whether tickets have any impact on nonfatal injuries caused by motor vehicle accidents (columns 5 and 6). For injuries, the IV estimate is significant at the 10 percent level when including municipality-specific time-varying controls. If we take the estimate at face value, the elasticity of injuries with respect to tickets would be −0.17. I find no evidence that tickets affect the composition of accidents, that is, the number of injuries relative to total number of accidents (columns 7 and 8).
To my knowledge, Makowsky and Stratmann (2011) is the only other study that examines the impact of traffic tickets on road safety. They use the financial health of a town-whether a town asks voters to approve a property tax override referendumas the instrument for tickets. By putting an override referendum in front of voters, the town board indicates that the town is in fiscal distress and that they would like to raise additional revenue.
8 They find comparable results. Their IV estimates indicate that a unit increase in tickets leads to 0.12 (SE = 0.034) fewer motor vehicle accidents and 0.044 (SE = 0.022) injuries. Their unit of observation is at the monthmunicipality level and the mean of tickets, accidents, injuries are at 82.68, 36.93, and 15.83, respectively. Their results thus translate into an elasticity of accidents with respect to tickets of −0.27, which is very close to the elasticity found in this paper. They find a somewhat higher elasticity of injuries with respect to tickets of −0.23.
Mechanism: Tickets versus Information
There are two main mechanisms that could lead to the observed result of fewer accidents during the CIOT mobilizations. The first is a deterrence effect, both for drivers who receive a ticket and those who observe other drivers receiving a ticket. For example, giving a ticket to a driver who was going 80 mph on a road where the speed limit is 55 mph could deter the recipient from further speeding, and thus be less likely to be involved in an accident. There could also be a visual deterrence effect, for example, drivers observe another car being pulled over for speeding and therefore slow down and drive more carefully.
Second, it is possible that tickets per se did not drive the reduction in accidents. As noted earlier, there was a concurrent state-wide media campaign during the CIOT periods.
9 While the media campaign would only be credible if there were an actual increase in ticketing, the estimated impact of tickets on accidents would be overstated if the media campaign was the main mechanism through which accidents were reduced.
I argue that the main mechanism was indeed through tickets and not through the spread of information through the media campaign (or other related channels, such as through the social networks of ticketed drivers). First, previous literature suggests that advertising campaigns have no or little effect until accompanied by highly visible enforcement (Elder et al., 2004; Foss, 1989; Williams et al., 1987; 7 All results using the level numbers of tickets and accidents (instead of rates per 100 miles) yield similar results and can be obtained by request. 8 Their instrument rests on the caveat that the only impact of fiscal distress on motor vehicle accidents is through the number of tickets issued. However, one could imagine that fiscal distress would affect accidents through other channels such as unemployment (and therefore less traffic), poorer road maintenance, and other unobservable variables. The authors attempt to address these issues by including various controls and by using different specifications. 9 It is my understanding from discussions with the Massachusetts Highway Safety Division that the main component of the CIOT program, particularly in its inception year, was the increase in traffic law enforcement. a Active Ticketing is a dummy variable equal to 1 if the daily average of tickets issued during the CIOT mobilizations is greater than the rest of the sample period in that municipality. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent. Wintemute, 1992) . The prevailing wisdom is that enforcement campaigns are more effective when accompanied by widespread advertising and publicity, but that advertising and publicity alone may only have a short-term effect that soon dissipates in the absence of enforcement. Second, if the spread of information about the CIOT mobilizations was the main mechanism, the reduction in accidents should not vary systematically by how many tickets were written in a particular town. In other words, if ticketing mattered, then it should have had a larger effect in the towns that issued more tickets. In panel A of Table 5 , I include an interaction term of CIOT and Active Ticketing, a binary variable which I define to be 1 if the average number of tickets issued daily during the CIOT periods exceeded the average number of tickets issued daily in the control periods. This seems to be a reasonable proxy for active traffic enforcement during the mobilizations. Overall, participating municipalities on average give out more tickets, have more accidents, and have higher population densities. It is possible that municipalities that choose to participate have different accident risk factors or marginal costs of ticketing (e.g., municipalities with higher population densities may have higher accident risk factors or lower marginal costs in implementing CIOT). 10 These municipalities may therefore have larger expected gains from participating in CIOT.
I present results from this exercise in Table 5 . By construction, the first-stage coefficient of tickets on the interaction term CIOT × Active Ticketing is much larger than and statistically different from the coefficient on CIOT (panel A column 1). Of more interest are the coefficients of accidents and injuries on the interaction term of CIOT × Active Ticketing, which are both statistically different from zero and from the CIOT term (columns 2 and 3). In municipalities where the main exposure to the CIOT program is not through increased ticketing, we do not observe a significant decrease in accidents or injuries, whereas the opposite is true for municipalities that actively ticketed. This helps rule out the hypothesis that the state-wide media campaign was the main cause of the reduction in accidents. The sample in Table 5 , panel B uses only the participating municipalities, and IV regressions yield similar but even more precisely estimated coefficients than when using the entire sample.
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ROBUSTNESS CHECKS Using Different Subsample Periods
As there were only three weeks of mobilizations in 2002, a potential concern would be that there were uncontrolled factors occurring in other months that would confound the estimation. For example, there was a spike in tickets in May 2002 relative to May 2001 (Figure 1) . The reason for this is because a number of the larger municipalities in Western MA participated in a trial CIOT mobilization the week surrounding Memorial Day Weekend (Soloman, Ulmer, & Preusser, 2002) . However, I am unable to obtain data on which specific municipalities participated in the mobilization as the Department of Highway Safety did not keep records of the particulars of the trial mobilization. As a robustness check, I restrict the analysis to only the November and December months of 2001 and 2002.
The results are similar to those using the entire sample period. Table 6 , panel A summarizes the reduced form estimates of the CIOT mobilizations on tickets and accidents using the full set of controls. The reduction in the number of injuries due to motor vehicle accidents associated with the mobilization periods is now statistically significant at the 5 percent level. The IV estimates are reported in columns 4 and 5 of Table 6 , panel A. The results imply that a 1-unit increase in tickets reduces accidents by 0.07 and injuries by 0.02. The results from using the restricted sample tell a consistent story: tickets lead to fewer accidents and injuries.
Second, it can be noted in Figure 1 that there was a dip in the number of tickets the week before the November mobilization in 2002 relative to the comparison period in 2001. It is unclear why the dip occurred, but a plausible reason is that police departments were holding back on ticketing in order to reserve resources and effort for the upcoming mobilization. Another potential confounding factor would be if the media campaign started before the mobilizations and led drivers to alter their driving behavior before the mobilizations began. This latter effect seems less likely as it can be seen in Figure 1 that there was actually a small spike in accidents during the run-up week. Even so, using the run-up week as part of the control period may not be appropriate because of these potential confounding factors. Hence, I also estimate the model omitting the run-up week before each mobilization. The results from this test are presented in Table 6 , panel B. The results remain reassuringly similar to the baseline estimation.
Finally, due to lingering effects and ongoing publicity, it is not clear that the short period between the November and December mobilizations may be an effective control period. To address this, I treat the entire period from November 12 to December 22 in 2002 as a single continuous mobilization (Table 6 , panel C). Notes: The sample used in panel A includes observations from the months of November and December only; N = 42,700. The sample used in panel B excludes the week before the CIOT mobilizations; N = 229,950. The full samples are used in panels C and D; N = 234,580. Standard errors presented in parentheses are clustered by municipality. Regressions include dummies for month-by-year, day of week, holiday weekends, and Treatment Periods. Controls include daily municipality-specific measures of average snowfall, snow depth, rainfall, temperature, retail gas prices (plus squared terms), annual municipality-specific measures of population, unemployment rate, number of registered automobiles, trucks, motorcycles, and trailers per 100 miles. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent.
Interestingly, the magnitudes of the estimates from this exercise are considerably larger, suggesting that the period between the two mobilizations may indeed not be an appropriate control. However, it is not possible to tease out whether the effects are due to ongoing publicity campaigns or to lingering deterrence effects produced by the program.
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Using Different Comparison Periods
Another concern is that the relevant periods in 2001 (e.g., around the Thanksgiving holiday) are not valid comparison groups since they occurred shortly after the September 11 terrorist attacks. Specifically, patterns of car travel in that particular holiday season may not have been representative. A priori, it seems reasonable to believe that the events on September 11 increased the amount of road traffic around the treatment periods-travelers may be more likely to drive rather than fly given the circumstances. For example, individuals from states outside of Massachusetts who would have normally flown to Boston might have driven that year instead due to fears related to flying. If traffic increased to a new permanent level for holiday seasons post-9/11-so that traffic patterns for 2001 and 2002 are comparable-then estimates will remain unbiased. If traffic spiked in 2001 relative to 2002, that is, traffic increased in 2001 and returned to pre-9/11 levels in 2002, then estimates would actually be upward biased (or downward biased in magnitude). Hence, the estimates can be considered as an upper bound estimate. Similarly, if traffic enforcement immediately after 9/11 was especially high in the Treatment Periods, then we may expect more tickets to be given out relative to the same period in other years before 9/11. This would again in effect lead to an upward bias in the estimates. According to Figure 2 , however, the composition and daily number of tickets issued do not differ substantially between the comparison periods in 2001 and the control periods.
Regardless, the previous arguments hinge on a number of assumptions that are not directly testable using existing data. As such, I add a robustness check using the two weeks surrounding Memorial Day weekend in 2001 as the comparison period. While by no means a perfect substitute, Memorial Day weekend is a big travel weekend for many Americans and hopefully should capture the traffic patterns sans 9/11. In addition, CIOT mobilizations in recent years have taken place around Memorial Day weekend, which further supports the use of that period as a control. The resultsreported in Table 6 , panel D-remain very similar. Finally, all regressions include month-by-year fixed effects, which will help absorb state-wide trends in tickets and accidents, including any potential "9/11 effects."
Using Averages
Although the number of tickets varies across days and municipalities, CIOT was a state-wide program and supposedly took place across the entire state of Massachusetts, that is, the variation in CIOT participation was by day (although there are varying degrees of participation). While I group standard errors by municipality in all regressions, one may be concerned that failing to account for intraday correlation in errors could generate standard errors that are biased downwards.
13 I argue that it is more important to account for intramunicipality correlation than intraday correlation since Massachusetts has 350 municipalities with distinct variation in economic, weather, and traffic conditions across the state. Nonetheless, as a robustness check, I collapse the data by day into a simple time series (weighted by the number of road miles) to see if the results still hold. Table 7 reports the unadjusted means of tickets and accidents during the CIOT in 2002 and comparable periods in 2001, relative to the control periods using only November and December months. Table 8 , panel A presents the reduced form estimates and panel B the IV results using the full time series.
14 The simple differences-in-differences estimate reported in Table 7 (row 6 column 3, in bold) is in line with the regression-adjusted estimates in Table 8 , and the results in both tables are also consistent with those when using the full panel data set. Columns 4 to 6 of Table 8 report results using the logarithmic forms of accidents and tickets. The estimated elasticity is around −0.35, which is slightly higher than the elasticity of −0.28 estimated when using the full sample. , 2003 ; N = 671. Regressions include dummies for month-by-year, day of week, holiday weekends, and Treatment Periods. Controls include daily averages of snowfall, snow depth, rainfall, temperature, retail gas prices (plus squared terms), annual averages of population, unemployment rate, number of registered automobiles, trucks, motorcycles, and trailers per 100 miles. a Geometric means are reported. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent.
yields significant results around 10 percent of the time, which is in line with expectations and supports the validity of the identification strategy. Controls include daily municipality-specific measures of average snowfall, snow depth, rainfall, temperature, retail gas prices (plus squared terms), annual municipality-specific measures of population, unemployment rate, number of registered automobiles, trucks, motorcycles, and trailers per 100 miles. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent.
HETEROGENEOUS EFFECTS
When are tickets most effective in reducing accidents? What kind of driver do tickets affect most? From a policy perspective, it is important to understand these issues in order to efficiently allocate enforcement efforts. To my knowledge, this is the first paper to attempt to explore heterogeneous effects of traffic law enforcement.
By Municipality Population Density
It may be useful to examine whether the CIOT program had heterogeneous effects by municipality characteristics. A priori, one may expect CIOT to have a larger impact in municipalities with higher population relative to road miles, that is, on average such municipalities will have more motorists on the road. Intuitively, it may be easier for municipalities with higher population densities (measured as population/road miles) to facilitate the CIOT program because of lower marginal costs of issuing tickets. For example, it may be more difficult for law enforcement officers to find an offending motorist to ticket with few drivers on the road, and the visual deterrence effect of tickets may be weaker in municipalities where there are fewer drivers on the road as well. Municipalities with higher population densities may therefore issue more tickets and experience a larger decline in accidents during the CIOT campaign. I examine the differential effects of the CIOT program by population density (Table 9). I group municipalities by whether their population density is above or below the mean municipality population density across Massachusetts. Consistent with the hypothesis, municipalities with above-mean population densities issue more tickets during CIOT mobilizations, relative to municipalities with below-mean population densities. Further, municipalities with higher population densities experienced a larger decline in accidents and injuries during CIOT (Table 9 , panel A). Tickets also have a larger effect in municipalities with higher population densities, which may be due to the increased visual deterrence effect when more motorists are on the road 31, 2003; N = 138,204 . Regressions include dummies for month-by-year, day of week, holiday weekends, and Treatment Periods. Controls include daily averages of snowfall, snow depth, rainfall, temperature, retail gas prices (plus squared terms), annual averages of population, unemployment rate, number of registered automobiles, trucks, motorcycles, and trailers per 100 miles. *Significant at 10 percent; **significant at 5 percent; ***significant at 1 percent.
( Table 9 , panel B). This exercise helps both to explain why the CIOT program has differential effects on ticket issues across municipalities (even after adjusting for common time trends and municipality fixed effects), and also serves as a robustness check to determine whether we see a larger impact on accidents in municipalities where CIOT had a stronger "bite."
By Time of Day
Next, I examine the impact of tickets by time of day (Table 10 , panel A). The independent variables of interest here are the number of tickets issued during the day and the number of tickets issued at night. The first-stage relationships between the mobilizations and tickets issued during daytime and nighttime are both strong (not shown), and the separate estimates during the day and night are statistically different at the 5 percent level. The implied elasticity for accidents with respect to tickets is close to −1 at night and is only around −0.16 during the day. This finding that tickets have a larger impact at night seems reasonable-despite 60 percent less traffic on the roads, close to half of all fatal car accidents occur at night (Elliott, 2009 ). Driving at night could be potentially more dangerous because of poorer light conditions and more dangerous drivers (e.g., drunk or fatigued drivers) on the road.
By Gender
The Massachusetts Highway Safety Department did not start collecting demographic data of the drivers involved in motor vehicle accidents until the beginning of 2002, so unfortunately the comparable treatment periods in 2001 cannot be included in the analyses by gender and age groups. To ensure the results would not be completely discredited without using the control periods in 2001, I run the basic IV regression of accidents on tickets using only data from 2002 onwards. The coefficient on tickets is slightly smaller at −0.369 (SE = 0.008), but not statistically different from using the entire sample.
Since it is likely difficult for a driver to ascertain whether a fellow driver on the road being pulled over is male or female, I choose to use the overall number of tickets as the main independent variable of interest (instead of the number of tickets issued to male and female drivers). Table 10 , panel B presents the coefficient on tickets using the number of male and female drivers involved in motor vehicle accidents per 100 miles as the dependent variables. While the estimated coefficients on tickets for males and females are close, the implied elasticities are very different. This is because females are involved in much fewer accidents overall (presumably because there are fewer female drivers or because they are more careful drivers). The accident elasticity with respect to tickets for females is −0.72 and −0.24 for males, a striking threefold difference. Given the extensive literature within psychology and sociology that show women tend to be more risk adverse than men (see Croson & Gneezy, 2009 , for a review), it is plausible that women are more deterred by traffic law enforcement than men.
By Age Group
Finally, I investigate whether there are heterogeneous impacts of tickets by age group in panel C of Table 10 . This is of particular interest to policymakers because young drivers under 25 years old tend to be at most risk on the road (Center for Disease Control, 2009). Again, because it would be difficult for the driver to determine the age of another driver being pulled over, I use the overall number of tickets as the main independent variable. The results imply that the elasticities with respect to tickets are −0.76 and −0.62, for 15 to 24 year olds and 25 to 64 year olds, respectively, and these are not statistically differentiable from one another. Interestingly, there does not seem to be marked differences in how tickets affect the two age groups.
CONCLUSION
This paper examines whether traffic tickets affect road safety as measured by motor vehicle accidents. A naïve OLS regression of accidents on tickets suggests that there is no impact of tickets on accidents. However, an analysis using exogenous variation in the number of tickets issued to identify the causal effect of tickets on road safety gives rise to distinctly different results-tickets in fact lead to fewer motor vehicle accidents. Further, tickets help to reduce nonfatal injuries stemming from motor vehicle accidents. In addition, the heterogeneous impact of tickets suggests that there is scope for intervention, for example, by allocating more resources toward municipalities with higher population densities and increase traffic enforcement at night since tickets have a larger impact during nighttime. Also, females appear to be more deterred by traffic law enforcement than men. However, there do not appear to be differences in the impact of tickets on different age groups. Overall, the findings of this paper suggest that as unpopular as traffic tickets are among drivers, motorist behavior does respond to tickets. Harvard Kennedy School, 79 John F. Kennedy Street, Cambridge, MA 02138 (e-mail: dara_lee_luca@hks.harvard.edu) .
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